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(57) ABSTRACT 

A computer system may include a connecting hub having a 
plurality of docking regions and be con?gured to provide to 
each docking region electrical power, a data network inter 
face, a cooling ?uid supply and a cooling ?uid return; and 
a plurality of shipping containers that each enclose a modu 
lar computing environment that incrementally adds comput 
ing power to the system. Each shipping container may 
include a) a plurality of processing units coupled to the data 
network interface, each of which include a microprocessor; 
b) a heat exchanger con?gured to remove heat generated by 
the plurality of processing units by circulating cooling ?uid 
from the supply through the heat exchanger and discharging 
it into the return; and c) docking members con?gured to 
releaseably couple to the connecting hub at one of the 
docking regions to receive electrical power, connect to the 
data network interface, and receive and discharge cooling 
?uid. 
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MODULAR COMPUTING ENVIRONMENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of prior U.S. 
provisional application 60/810,451, entitled “Modular Com 
puting Environments,” and ?led Jun. 1, 2006. 

TECHNICAL FIELD 

[0002] This description relates to modular computing 
environments. 

BACKGROUND 

[0003] Computers have become Widely adopted for vari 
ous applications, for both personal and corporate uses. Some 
computers operate as stand-alone data-processing equip 
ment, With perhaps a peripheral such as a printer and a 
display device. Although useful for many purposes, addi 
tional features and bene?ts may be achieved if multiple 
computers are netWorked together to share information and 
resources. 

[0004] A computer netWork may be formed by connecting 
tWo or more computing devices With a communication 
channel. One type of netWork is a local area netWork (LAN). 
A typical residential LAN, for example, may connect tWo 
computers to a printer. A typical corporate LAN, for 
example, may alloW many users to share resources and large 
amounts of information, including databases and application 
softWare. 

[0005] A second type of netWork is a Wide area netWork 
(WAN). An example of a WAN is the Internet. WANs such 
as the Internet alloW many computer devices to communi 
cate messages and share information. When multiple LANs 
are interoperable With one or more WANs, opportunities for 
computing devices to communicate and share information 
greatly expand. 
[0006] From the perspective of an individual computing 
device that is connected to a netWork, users may direct the 
communication of information over a netWork With a user 

interface generated by a Web broWser application. A Web 
broWser is typically con?gured to enable the user to access 
Web sites on the Internet or the World Wide Web. Web 
broWsers alloW users to easily send and receive messages 
over a netWork in packets of information. Such packets of 
information may include the address of a search engine 
Website, such as WWW.dogpile.com, for example. 

[0007] The popularity and simplicity of sharing informa 
tion over netWorks, such as the Internet, has resulted in 
demand for data processing and/or storage capacity to 
support high netWork tra?ic volume. One mechanism to 
address this need may be referred to as a data center. In the 
context of the Internet, a data center may provide one or 
more of processing, storage, and support functions that 
improve performance or enhance the utility of the Internet. 
Data centers may also be deployed in other contexts. Finan 
cial institutions, for example, may employ one or more data 
centers to store ?nancial account and transaction informa 
tion. 

[0008] A data center may provide data processing and/or 
storage capacity. In operation, a data center may be con 
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nected to a netWork, and may receive and respond to various 
requests from the netWork to retrieve, process, and/or store 
data. In addition to extensive data processing and data 
storage capabilities, data centers typically support high 
speed data transfer and routing capabilities. To meet future 
netWork demands, data center capacity may continue to 
expand. 

SUMMARY 

[0009] A computer system (e.g., a data center) may 
include a connecting hub having a plurality of docking 
regions and be con?gured to provide to each docking region 
electrical poWer, a data netWork interface, a cooling ?uid 
supply and a cooling ?uid return; and a plurality of shipping 
containers that each encloses a modular computing environ 
ment that adds a predetermined or default amount of com 
puting poWer to the system. Each shipping container may 
include a) a plurality of processing units (e.g., servers) 
coupled to the data netWork interface, each of Which include 
a microprocessor; b) a heat exchanger con?gured to remove 
heat generated by the plurality of processing units by 
circulating cooling ?uid from the supply through the heat 
exchanger and discharging it into the return; and c) docking 
members con?gured to releaseably couple to the connecting 
hub at one of the docking regions to receive electrical poWer, 
connect to the data netWork interface, and receive and 
discharge cooling ?uid. 

[0010] In some implementations, each processing unit 
may further include at least one storage device. The docking 
members may include quick-connect docking members. The 
connecting hub may include a spine; the connecting hub 
may include a ring. 

[0011] In some implementations, a modular data center 
includes a connecting hub and a plurality of containers. The 
connecting hub may have a plurality of docking regions and 
may be con?gured to provide to each docking region elec 
trical poWer, a data netWork interface, a cooling ?uid supply 
and a cooling ?uid return. Each container may enclose a 
modular computing environment having a plurality of com 
puting devices that collectively add a large, predetermined 
amount of computing poWer to the modular data center. 
Each container may further have a) a ?rst heat exchange 
circuit con?gured to transfer heat from the computing 
devices to a heat exchanger; b) a second heat exchange 
circuit comprising the heat exchanger, the cooling ?uid 
supply and cooling ?uid return, the second heat exchange 
circuit being con?gured to transfer heat from the heat 
exchanger inside of the container to a system outside of the 
container via cooling ?uid in the cooling ?uid supply and 
cooling ?uid return; and c) docking members that 
releaseably connect to the spine at one of the plurality of 
docking regions to receive electrical poWer, connect to the 
data netWork interface, receive cooling ?uid from the cool 
ing ?uid supply, and discharge return cooling ?uid to the 
cooling ?uid return. 

[0012] In some implementations, each modular computing 
environment includes a) a plurality of microprocessor 
boards that receive poWer from the connecting hub and 
receive data from a netWork coupled to the data netWork 
interface, process the received data and transmit the pro 
cessed data to the netWork via the data netWork interface; b) 
an air recirculating system that draWs air from a cold air 
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plenum adjacent to the plurality of racks, across the plurality 
of microprocessor boards, and into a Warm air plenum. The 
heat exchanger may cool air from the Warm air plenum and 
discharge the cooled air into the cold air plenum. 

[0013] In some implementations, the modular computing 
environment may be con?gured to accommodate human 
occupancy. The modular computing environment may 
include a ?re and smoke detection system and a ?re sup 
pression system. The modular computing environment may 
include an internal Walkway and a means for ingress and 
egress at one or both ends of the Walkway. The internal 
Walkway may be disposed in the cold air plenum. 

[0014] In some implementations, the air recirculating sys 
tem may include a ?rst set of fans and a second set of fans. 
Each fan in the ?rst set may be disposed on one of the 
plurality of microprocessor boards, and each fan in the 
second set may be disposed adjacent to the heat exchanger. 
Adjacent fans in the second set may be supplied by electrical 
poWer from diverse electrical circuits. 

[0015] In some implementations, the modular data center 
further includes a duct disposed betWeen the heat exchanger 
and at least a ?rst fan and a second fan in the second set. The 
duct may ?uidly couple a region adjacent to the ?rst fan and 
a region adjacent to the second fan. The plurality of micro 
processor boards may be disposed in racks that are sus 
pended from a ceiling of a corresponding container. 

[0016] In some implementations, at least one of the plu 
rality of containers may be stacked on top of another one of 
the plurality of containers. The modular data center may 
further include a facility-level cooling system that is dis 
posed in the second heat exchange circuit, coupled to the 
cooling ?uid supply and cooling ?uid return. The facility 
level cooling system may be con?gured to remove heat from 
cooling ?uid in the cooling ?uid return. 

[0017] In some implementations, each container is sealed 
against environmental elements of Wind and moisture. The 
modular data center may further include a normally sealed 
drain con?gured to open When in contact With an appre 
ciable amount of liquid. In some implementations, at least 
tWo of the plurality of containers may be standard siZe 
shipping containers. The standard siZe may be a lAAA 
shipping container. The standard siZe may be a lCC ship 
ping container. 

[0018] In some implementations, a method of deploying a 
modular data center includes a) providing a cooling system 
con?gured to provide cooling ?uid to various cooling 
devices, receive return cooling ?uid from the various cool 
ing devices and remove heat from the received return 
cooling ?uid; b) providing an electrical poWer source; c) 
providing a data communication interface; d) routing elec 
trical poWer from the electrical poWer source, a connection 
to the data communication interface, and a cooling ?uid 
supply and cooling ?uid return from the cooling system to 
a plurality of docking regions that each have stubs that are 
con?gured to couple the electrical poWer, cooling ?uid 
supply, cooling ?uid return and data communication inter 
face connection to a modular computing environment; e) 
providing modular computing environments at least tWo of 
the plurality of docking regions, each modular computing 
environment con?gured to incrementally add computing 
poWer to a data center and including a plurality of computing 
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resources and integrated cooling devices; and f) coupling 
each self contained computing environment at a correspond 
ing docking region to the stubs to provide electrical poWer, 
cooling ?uid supply and cooling ?uid return, and connection 
to the data communication interface to the modular com 
puting environment. 

[0019] In some implementations, a method of processing 
data includes transmitting a request for data to a system and 
receiving data in response to the request. The system may 
include a) a connecting hub having a plurality of docking 
regions and con?gured to provide to each docking region 
electrical poWer, a data netWork interface, a cooling ?uid 
supply and a cooling ?uid return; and b) a plurality of 
shipping containers. Each shipping container may enclose a 
modular computing environment that adds a replacement 
amount of computing poWer to the computer system. Each 
shipping container may also have 1) a plurality of processing 
units that are coupled to the data netWork interface; 2) a heat 
exchanger con?gured to remove heat generated by the 
plurality of processing units from the shipping container by 
circulating cooling ?uid from the cooling ?uid supply 
through the heat exchanger and discharging heated cooling 
?uid into the cooling ?uid return; and 3) docking members 
con?gured to releaseably connect to the connecting hub at 
one of the plurality of docking regions to receive electrical 
poWer, connect to the data netWork interface, receive cooling 
?uid from the cooling ?uid supply, and discharge return 
cooling ?uid to the cooling ?uid return. 

[0020] The details of one or more implementations are set 
forth in the accompanying draWings and the description 
beloW. Other features and advantages Will be apparent from 
the description and draWings, and from the claims. 

DESCRIPTION OF DRAWINGS 

[0021] FIG. 1 is a perspective diagram of an example 
modular computing environment. 

[0022] FIG. 2 is perspective diagram of an example cool 
ing system that may be included in the modular computing 
environment that is shoWn in FIG. 1. 

[0023] FIG. 3 is a cross-section of the example modular 
computing environment that is shoWn in FIG. 1. 

[0024] FIG. 4 is a block diagram shoWing example ther 
mal circuits that may exist in a modular data center. 

[0025] FIG. 5 is a another block diagram shoWing 
example thermal circuits that may exist in a modular com 
puting environment. 

[0026] FIG. 6 provides a front vieW of an example rack. 

[0027] FIG. 7 provides a rear vieW of an example rack. 

[0028] FIG. 8 is a block diagram ofan example processing 
board that may be included in a modular computing envi 
ronment. 

[0029] FIG. 9 is perspective diagram of an example modu 
lar data center constructed With several modular computing 
environments. 

[0030] FIG. 10 is a perspective diagram of another 
example modular data center constructed With several 
modular computing environments. 
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[0031] FIG. 11 is a block diagram of an example facility 
level electrical distribution system for a data center. 

[0032] FIG. 12 is a block diagram of an example infor 
mation provider, according to some implementations. 

[0033] FIG. 13 is a block diagram illustrating hoW por 
tions of an information provider may be implemented using 
a modular data center. 

[0034] Like reference symbols in the various draWings 
indicate like elements. 

DETAILED DESCRIPTION 

[0035] FIG. 1 is a perspective diagram of an example 
modular computing environment that can be con?gured to 
add computing poWer to a data center or other large com 
puting system. The modular computing environment may 
include a large number of processing devices for executing 
computer program instructions and processing or routing 
data and a large data storage capacity for storing and 
retrieving data. Each modular computing environment may 
provide a large, predetermined or default amount of com 
puting poWer (e. g., 2000 microprocessors and 5 petabytes of 
storage). In operation, the modular computing environment 
may be connected to a netWork, and may receive and 
respond to various requests from the netWork to retrieve 
data, process data or store data. In some implementations, 
more than one modular computing environment may be 
combined to form a massively parallel data center, and the 
massively parallel data center may be replicated at various 
physical locations. As used in this description, “massively 
parallel” refers to a distributed computer system having 
many individual nodes, each of Which may be essentially an 
individual computer having, in some implementations, a 
processor, memory, and a storage device. The many indi 
vidual nodes of the computer system may be linked together 
by a netWork to alloW nodes to communicate With each other 
and to communicate With netWorks and devices external to 
the computer system. In some implementations, each node 
of the massively parallel system may be employed to 
execute a small part of a larger program, task or operation. 

[0036] As one example application of a data center or 
other massively parallel computer system, a ?nancial insti 
tution may employ a number of data centers at different 
physical locations to store customers’ ?nancial account and 
transaction information or to process various transactions. 
When a customer of the ?nancial institution makes a With 
draWal or deposit from a teller station, a computer program 
ming running at the teller station may receive input from the 
teller identifying the customer’s account and specifying the 
type and amount of the transaction; the computer program 
may then send information to one or more data centers to 
cause the customer’s account to be adjusted to re?ect the 
WithdraWal or deposit. Because the data corresponding to 
the customer’s account may be replicated in multiple physi 
cal locations, multiple data centers may be involved in the 
transaction. 

[0037] At substantially the same time the ?rst customer is 
making a WithdraWal or deposit from a teller station, a 
second customer may be initiating online a transfer of funds 
or a payment of a bill from his or her home computer. A 
computer program running on a Web server that is accessible 
from the second customer’s home computer may also cause 
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the second customer’s account information to be updated at 
multiple data centers; these data centers may be the same or 
different data centers than those involved in the transaction 
of the customer making the WithdraWal or deposit from the 
teller station. 

[0038] Many other ?nancial transactions involving other 
customers of the ?nancial institution may take place sub 
stantially simultaneously, from various computer terminals 
Within different physical of?ces of the ?nancial institution 
and from various other computer terminals that access the 
?nancial institution’s netWork from the outside (e.g., home 
or of?ce computer terminals of customers accessing the 
?nancial institution’s services via the intemet). Accordingly, 
the data centers may be required to process in parallel a large 
number of transactions in a short amount of time. Such a 
requirement may translate into a need for a massively 
parallel computing environment having a large number of 
processors to execute code, a large storage capacity, and a 
high-bandWidth netWork interface. 

[0039] As another example application, an online infor 
mation provider that supplies content and services (such as 
a search engine function) to many users substantially simul 
taneously may employ a number of data centers at different 
physical locations to store the supplied content and data 
needed to provide the search engine service or to satisfy data 
access latency requirements or design parameters. Deploy 
ing multiple data centers that are relatively close to large 
numbers of users can be particularly advantageous for 
delivering time-sensitive content or applications. In addi 
tion, replicating data at different data centers in different 
locations can be an important part of a data security strategy. 
In the search engine example, some of the supplied content 
may be physically stored by the information provider’s 
computing system; other data that may be identi?ed in 
response to a user’s invocation of the search engine function 
may be indexed by and in the information provider’s com 
puting system. In particular, various computer programs 
running on the information provider’ s computer system may 
automatically navigate or “craWl” netWorks such as the 
Internet to identify and index information that has not yet 
been indexed or that has been updated since last being 
indexed. The indexing process may involve temporarily 
retrieving the information, parsing and analyZing it to iden 
tify a theme or topic, and storing a corresponding source 
identi?er of the information based on the theme or topic in 
an information retrieval tool such as a database or hash table. 

[0040] An online information provider may be required to 
handle a very large volume of simultaneous data traf?c. For 
example, the information provider’s computing system may 
receive numerous requests at approximately the same time 
from computer terminals of users attempting to employ the 
information provider to locate sources of information cor 
responding to particular topics. Computer programs running 
on the information provider’s computing system may 
receive, parse and analyZe the various requests; convert 
them into an appropriate format; submit them to interfaces 
corresponding to the information retrieval tool; receive 
responses from the information retrieval tool identifying 
content sources that store information corresponding to the 
requests; and transmit data associated With the content 
sources to the computer terminals from Which the requests 
Were originally received. 
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[0041] In some implementations, the transmitted data may 
include a pointer (e.g., a hyperlink) to the corresponding 
information. In some implementations, the transmitted data 
may include a “snippet,” or a portion, of the corresponding 
information (e.g., a sentence fragment from a document that 
includes a search term submitted with a request). In the latter 
case, in which a snippet is included with data transmitted to 
a computer terminal in response to a request received from 
that search terminal, snippets corresponding to various 
indexed information may be stored in the index or in other 
data storage facilities associated with the index or with the 
information provider. 

[0042] In order to simultaneously receive and process a 
large number of requests from users for search engine 
services, the information provider may need a massively 
parallel computing environment having a large number of 
processors to execute code, a large storage capacity, and a 
high-bandwidth network interface. 

[0043] As another example, one or more modular com 
puting environments may be used as a high-volume “por 
table” data storage device. Large quantities (e.g., tens of 
terabytes) of frequently accessed data may be copied to one 
or more modular computing environments, and the modular 
computing environments may be transported (e.g., by cargo 
ship, truck or train) to a point of use. As a more concrete 
example, an insurance company may employ a modular 
computing environment to create a temporary claims office 
at the site of a major natural disaster. In particular, following, 
for example, a severe hurricane, an insurance company may 
store information about its policyholders in a modular 
computing environment and transport the modular comput 
ing environment to the site of the hurricane to create a 
temporary claims of?ce. In such implementations, pre-load 
ing large amounts of data in a modular computing environ 
ment may be more ef?cient or cost effective than remotely 
accessing the data, or transferring the data to other devices 
at or near the hurricane site. 

[0044] As another example, one or more modular com 
puting environments may be used as a laboratory network to 
simulate, in a test environment, a large network such as an 
enterprise intranet or a portion of the Internet. The modular 
computing environment may provide enough processing 
power and storage capacity to mimic a live network, while 
still remaining disconnected from live systems or live data; 
such an application may provide network equipment design 
ers or manufacturers an opportunity to test or validate new 

hardware designs in an environment that approximates the 
intended operating environment without disrupting actual 
live data. Various components and aspects of massively 
parallel computing environments that may be used in the 
example applications outlined above are described in detail 
with reference to the ?gures. 

[0045] FIG. 1 illustrates a modular computing environ 
ment 100 that may be used to add computing power to a 
massively parallel computing system, such as, for example, 
a data center. In some implementations, different modular 
computing environments (“modules”) may provide a 
replacement amount of processing power or storage capacity 
(e.g., 2000 microprocessors and 5 petabytes of storage). 
That is, different modules may be substantially interchange 
able. In some implementations, different modules may pro 
vide different ratios of processing power to storage capacity, 
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and the target application may determine the appropriate 
ratio. For example, storage-intensive applications may call 
for modules that have a large number of storage devices, but 
the applications may not require a large number of proces 
sors; “lab network” applications designed to simulate large 
networks ol?ine may call for modules with a large number 
of processors, but the applications may not require a large 
number of storage devices. 

[0046] As shown, the modular computing environment 
100 includes various computing resources, an integrated 
cooling system, an integrated power distribution system, and 
an integrated networking interface. In some implementa 
tions, the modular computing environment 100 is easily 
transported, protected from environmental elements and 
thus suitable for use both inside or outside a building, 
con?gured to be easily and quickly connected with other 
modular computing environments to form larger computing 
systems, and easily serviced by human operators. For 
example, in some implementations, as shown, the modular 
computing environment is protected by an enclosure 101, 
such as a shipping container. The enclosure is sealed on the 
outside from environmental elements and equipped with 
access to the interior for human operators to service the 
various computing resources. 

[0047] The computing resources of the modular comput 
ing environment 100 include a large number of processor 
boards. As used in this description, “processor board” refers 
generally to a board that includes computing resources. In 
some implementations, as described in greater detail with 
reference to FIG. 8, each processor board may include one 
or more microprocessors for executing computer program 
instructions, dynamic memory for use while executing the 
computer program instructions, storage devices for storing 
persistent data, and an interface to link the processor board 
with other processor boards and with one or more networks. 
As described above, a target application may determine an 
appropriate ratio of processors to storage devices. In some 
implementations, a processor board may include only stor 
age devices and corresponding controller(s) and may omit 
general-purpose microprocessors or general-purpose 
dynamic memory. 

[0048] The processor boards may be physically disposed 
in racks, and racks carrying processor boards may substan 
tially line the modular computing environment along the 
length of one or both sides of the enclosure. For example, in 
some implementations, the modular computing environment 
may include well over 1,000 processor boards. As shown in 
FIG. 1, the shaded region 104 represents a single processor 
board. The processor board 104 may be designed to be easily 
removed from the corresponding rack in order to be ser 
viced. For example, the board 104 may be con?gured to 
slide along rails to facilitate easy servicing or replacement of 
the board 104. 

[0049] Each processor board may be coupled to a network 
internal to the modular computing environment, and each 
processor board may further be accessible from a network 
external to the enclosure. In some implementations, the 
network internal to the modular computing environment 
includes a patch panel 107. The patch panel 107 may provide 
access connections (e.g., an RJ-45 Ethernet jack or optical 
interface) to network interfaces on each processor board, and 
the access connections may be coupled to the processor 
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board network interfaces by, for example, category 5 or 
category 6 cable or ?ber optic cable. The network may 
further include a router 110 to digitally route data from a 
high-bandwidth data connection external to the enclosure to 
processor boards Within the enclosure. The netWork may 
also include one or more sWitches (not shoWn) to digitally 
route data from one processor board in the enclosure to 
another processor board in the enclosure. 

[0050] A high-bandwidth connection 113 may couple the 
patch panel to one or more netWork interface connections 
158 con?gured to connect to a netWork external to the 
modular computing environment 100. The high-bandwidth 
connection 113 may include one or more high-speed copper 
interfaces or one or more optical interfaces. For example, the 
high-bandwidth connection may include a gigabit Ethernet 
access point for balanced tWisted-pair copper Wire and an 
optical interface for connection to single- or multi-mode 
optical ?ber. In particular, the high-bandwidth netWork 
connection may include a 10-gigabit Ethernet interface for 
coupling single-mode optical ?ber carrying SONET (syn 
chronous optical netWork signals) at carrier level 192 (OC 
192) to an optical router 110. 

[0051] In some implementations, a monitor/control termi 
nal 111 may be provided to alloW a human operator to 
monitor the various connections on the patch panel 107, 
sWitches or router 110, or to monitor actual data tra?ic. In 
some implementations, the monitor/control terminal 111 
may enable a human operator to dynamically sWitch inter 
connections betWeen various processor boards Within the 
modular computing environment 100, or connections 
betWeen an external netWork and various processor boards. 

[0052] During operation, the computing resources may 
generate a signi?cant amount of heat Within the enclosure 
101, and as such, the modular computing environment 100 
includes an integrated cooling system to remove the gener 
ated heat from the enclosure 101. In some implementations, 
the integrated cooling system includes a number of heat 
exchangers 116 and a number of fans or pumps 119 to 
circulate cooling ?uid (e.g., Water or refrigerant) and/ or ?uid 
to be treated (e.g., air) through the heat exchangers 116. In 
particular, the heat exchangers 116 may be liquid-air heat 
exchangers that transfer heat in air that is cycled through 
them to a cooling ?uid that is also cycled through the heat 
exchangers 116. The cooling ?uid may be cycled through a 
system external to the enclosure 101, Where the heat may be 
removed. Each heat exchanger 116 may be supplied With 
cooling ?uid from a cooling ?uid supply line 122; cooling 
?uid that has been Warmed by the heat exchanger 116 may 
be discharged into a cooling ?uid return line 125. Additional 
details of cooling systems are provided With reference to 
other ?gures. 

[0053] The modular computing environment 100 also 
includes a poWer distribution system that receives poWer 
from outside the enclosure and distributes it to various loads 
Within the enclosure. PoWer may be received through a 
connection 128 to an external poWer supply. Once inside the 
enclosure, the poWer may be routed to a poWer distribution 
box 131 and distributed through a number of circuits to 
poWer the computing resources, cooling system, netWork 
sWitching equipment and other electrical loads Within the 
enclosure 101. The poWer distribution box 131 may include 
various circuit breakers or other over-current protection for 
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each circuit, and each circuit may also include surge sup 
pression devices or ?lters to smooth out the poWer or to 
prevent high frequency noise generated Within the enclosure 
from being coupled into the poWer supply outside the 
enclosure. Individual circuits may be designed to minimiZe 
disruptions caused by failure of a single circuit. Additional 
details of an example poWer distribution system are pro 
vided With reference to other ?gures. 

[0054] In order for the modular computing environment 
100 to be serviced, the interior of the enclosure 101 may 
need to accommodate human occupancy; this may require 
additional features that satisfy both physical human occu 
pancy requirements and any legal or safety requirements that 
may exist (e.g., municipal building or occupancy require 
ments). For example, the modular computing environment 
100 may include interior lights, a source of fresh air, ?re 
detection and suppression systems, provisions for safe 
ingress and egress of human occupants; and temperature, 
humidity and noise may be controlled to be Within certain 
ranges. 

[0055] Additional structural details of the example modu 
lar computing environment 100 are noW described. As 
mentioned above, the modular computing environment 100 
is protected by an enclosure 101 that is sealed from envi 
ronmental elements such as, Wind, rain or snoW. In some 
implementations, the enclosure 101 is a standard shipping 
container. For example, the enclosure may be an ISO 1AAA 
container, sometimes referred to as a “high cube” 40' con 
tainer, having an approximate inside Width of 7'8", an 
approximate inside height of 8'10", and an approximate 
inside length of 39'5". Other container dimensions are 
possible. In particular, the modular computing environment 
100 may be enclosed by a standard height 20' container (e.g., 
an ISO lCC container having an inside height of approxi 
mately 7'10" and an inside length of 19'4"); or the container 
may be longer (e.g., 45', 48' or 53'). Moreover, enclosures 
other than shipping containers may be used. For example, in 
some implementations, the enclosure may be a metal- or 
Wood-framed enclosure With protective siding material. 
Racks Within the enclosure 101 may be suspended (e.g., 
from the ceiling or Wall, to provide additional space under 
the racks for running cables, installing other equipment (e. g., 
cooling equipment) or providing addition service access), 
and the WalkWay 142 may be segmented into small, remov 
able sections to facilitate access to the components under the 
racks (e.g., heat exchangers 116 or fans 119). 

[0056] The enclosure 101 may be con?gured to be easily 
transportable. Shipping containers are particularly Well 
suited for this purpose and are designed to be easily trans 
ported, for example, by a cargo ship, train or truck. The 
enclosure may also be stackable and may include locking 
mechanisms (not shoWn) to secure multiple enclosures in a 
stacked arrangement (e.g., in operation). The enclosure may 
include fork-lift pockets 143 and comer ?ttings 146 to 
facilitate handling by cargo transport devices (e.g., fork 
trucks, cranes, overhead booms, conveyors, etc.). 

[0057] In some implementations, a modular computing 
environment 100 may be transported to a desired location 
and immediately deployed by being connected to an elec 
trical poWer supply, a cooling system and a netWork inter 
face, as described in greater detail beloW. In some imple 
mentations, a modular computing environment 100 may be 
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deployed While it is still disposed on a transport device. For 
example, a modular computing environment 100 may be 
transported to an intended deployment site by cargo ship, 
train or truck, and the modular computing environment may 
be connected to electrical poWer a cooling system and a 
netWork While it is still on the cargo ship, train or truck. In 
general, the modular computing environment 100 may be 
con?gured to be rapidly deployed. 

[0058] The modular computing environment 100 includes 
ports that facilitate quick connection to utilities and other 
services required for operation. For example, as shoWn in 
FIG. 1 and described above, a poWer port 149 is provided to 
supply poWer to the modular computing environment 100 
via the poWer supply connection 128, cooling ?uid supply 
port(s) 152 are provided to connect to the cooling ?uid 
supply line(s) 122, cooling ?uid return port(s) 155 are 
provided to connect to the cooling ?uid return line(s) 125, 
and one or more netWork interface connections 158 are 

provided to couple an external netWork to the modular 
computing environment 100 via the high-bandWidth con 
nection 113. In some implementations, openings 161 may be 
disposed in exterior doors 137 (left door 137 shoWn) of the 
enclosure 101 to alloW access to the various ports 149, 152, 
155 and 158 When the doors 137 are either opened or closed. 
In some implementations, the various ports 149, 152, 155 
and 158 are provided in a location that is unaffected by 
operation of any exterior doors 137 (e.g., at the top or side 
of the enclosure 101). In some implementations, the enclo 
sure 101 includes a second, smaller door 164 cut into an 
exterior door 137 such that the exterior door 137 may remain 
closed and sealed at all times. Seals (not shoWn) may protect 
the ports to keep moisture and particulates out of the interior 
of the enclosure. For example, the ports may include bladder 
seals, grommets or ?exible dust covers. 

[0059] Modular computing environments 100 With pro 
tective enclosures 101 as described above may have several 
bene?ts. For example, such modular computing environ 
ments 100 may facilitate quick assembly of large data 
centers. Large portions of a data center may be prefabricated 
and quickly deployed; in particular, portions of data centers 
may be constructed in parallel, rather than in sequence. 
Critical portions of data centers may be mobile and easily 
transported from one site to another. Portions of the data 
center may be manufactured by manufacturing labor, rather 
than constructed by trade labor (e.g., in a controlled manu 
facturing environment rather than in an uncontrolled con 
struction site), possibly resulting in reduced costs. 

[0060] FIG. 2 is a perspective diagram further illustrating 
details of a portion 201 of an example cooling system 
(“cooling system 201”) that may be included in the modular 
computing environment 100 that is shoWn in FIG. 1. As 
shoWn, the cooling system 201 includes a liquid-air heat 
exchanger 116 that is coupled to a cooling ?uid supply line 
122 and a cooling ?uid return line 125. In operation, a 
cooling ?uid is circulated from the cooling ?uid supply line 
122, through the heat exchanger 116, and discharged into the 
cooling ?uid return line 125. Heat in air passing through the 
heat exchanger (e. g., via paths A and B) may be removed and 
transferred to the cooling ?uid. For example, cooling ?uid 
may have temperature TCF in the cooling ?uid supply line 
122, before being circulated through heat exchanger 116. 
After the cooling ?uid has been circulated through heat 
exchanger 116, the cooling ?uid may have a temperature of 
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TWP, increased from TCF by the transfer of heat from the air. 
Air passing through the heat exchanger may have a Warm 
input temperature TWA, and a cooled output temperature 
TCA. 
[0061] To move air through the heat exchanger 116 from 
an input region (corresponding to path A) to an output region 
(corresponding to path C), the cooling system 201 includes 
multiple fans 119. The fans 119 may be mounted to a duct 
202 that ?uidly couples a space in front of the heat 
exchanger 116. The duct 202 may help to balance variations 
in pressure along the duct’s length; in addition, the duct 202 
may improve the overall reliability of the cooling system 
201 by pulling a large volume of air through the heat 
exchanger 116, even if one of the fans 119 stops functioning. 
For example, even if a middle fan 119 stops functioning, the 
duct 202 may even out pressure variations relative to the 
outside fans 119 that may otherWise exist and pull air 
through the middle of the heat exchanger 116. As shoWn, the 
fans 119 pull air through the heat exchanger 116, but in other 
implementations, fans may be disposed such that they push 
air through the heat exchanger 116. 

[0062] An overall cooling system may include other por 
tions, in addition to the portion 201 that is illustrated in FIG. 
2. For example, a cooling system may include a line of heat 
exchangers 116 disposed along the length of each side of the 
enclosure 101; some heat exchangers may be disposed 
vertically, for example, in place of one or more racks. As 
depicted, the cooling system may include a duct 202 and a 
set of fans 119 to correspond to each heat exchanger 116. 
The duct 202 may be segmented and may correspond to the 
length of heat exchanger 116, or the duct 202 may be 
continuous along a larger portion of the length of the 
enclosure 101. More or feWer fans 119 may correspond to 
each heat exchanger 116, and the length of individual heat 
exchangers 116 may vary. In some implementations, each 
heat exchanger 116 is about 8' in length and corresponds to 
3 motoriZed impeller fans. Other arrangements are contem 
plated. For example, air movers other than the fans 119 may 
be employed, and heat exchangers having designs other than 
the design depicted by the heat exchanger 116 may be used. 
Moreover, fans or other air movers may be disposed at 
locations other than the example locations shoWn in FIG. 2, 
such as, for example, above or behind the racks. 

[0063] FIG. 3 is a cross-section of the example modular 
computing environment 100 that is shoWn in FIG. 1. FIG. 3 
illustrates an example ?oW of air through the modular 
computing environment 100. As shoWn in FIGS. 1 and 3, 
racks 303 of processor boards are disposed along much of 
the length of the enclosure 101. The racks 303 are spaced 
apart from exterior sideWalls 306 of the enclosure, forming 
an open space, or Warm air plenum 309. A “cold air 
plenum”312 may be formed by the interior space betWeen 
the racks 303. In some implementations, air ?oWs betWeen 
the cold air plenum 312 and the Warm air plenum 309 in one 
of tWo Ways: cold air ?oWs from the cold air plenum 312 to 
the Warm air plenums 309 by ?oWing through the racks 303, 
across the processor boards (e.g., via paths C, D, A); Warm 
air from the Warm air plenums 309 moves to the cold air 
plenum 312 by ?oWing through the heat exchangers 116 (via 
path A, B, C). As the air ?oWs over the processor boards (via 
path D), it absorbs heat generated by the processing boards, 
and its temperature may rise from TCA in the cold air plenum 
312 to TWA in the Warm air plenum 309. Conversely, as the 














